I
TALIAN ryegrass in the Pacific coast rangelands frequently requires nitrogen fertilizer for satisfactory growth and maintenance. The need for N on these rangelands has been indicated by soil analyses and pot tests. No attempt has been made, however, to utilize critical nitrate-concentration levels in specific grass tissue for rangeland evaluations. This approach involves the concept of the critical nutrient-concentration which has been denned as that nutrient concentration at which growth first begins to decrease and is located within the transition zone that separates the zone of deficiency from the zone of adequacy (12). The critical level per se can only be determined when all nutrients, except the one under study, are supplied in ample amounts and all other environmental factors, including water are favorable for growth. In this paper the critical nitrate-N level is indicated by the value on the calibration curve where the slope at dy/dx is 1.0.
Certain parts of a plant and forms of N reflect the internal status of N better than others. Therefore, it has been found important to evaluate, chemically and mathematically, several forms of N in each of several plant tissues (1, 2, 3, 10, 11) . Most of these studies indicate that the unelaborated form, nitrate-N, is the best form of N to determine in dried plant tissue to reflect the internal status of N.
Basic information is needed to estimate the N status of forage plants in their natural habitat with increased precision if progress is to be made in better rangeland management practices. The present study was designed to achieve this goal by determining the most sensitive and most reliable plant tissue to indicate the nitrate-N status in Italian ryegrass, Lolium multiflorurn Lam. Tifton #1, grown in the greenhouse. The results show the relation of top growth to nitrate-N concentrations in six plant parts. Critical nitrate-N levels were estimated from these calibration curves.
MATERIALS AND METHODS
The experiment was conducted in the greenhouse with plants in nutrient culture solutions. The basic solution was added 3 times, initially and at 2-week intervals. It contained the following compounds in millimoles per liter: 1.0 KH 2 POi, 1.5 K 2 SOi, 1.0 MgSOi, 0.5 NaCl, and 0.25 Na 2 SiO 3 . Microelements in parts per million (ppm) were contained in the basic solution as follows: 0.25 B, 0.25 Mn, 0.025 Zn, 0.01 Cu, and 0.005 Mo. Iron was added with the basic solution at the rate of 5 ppm as the ferric potassium ethylene diamine tetra-acetate complex (6). Solutions from adequate to inadequate in N were obtained by adding Ca(NO 3 )a at 8 different levels to the basic nutrient solution ( On April 4, 1957, ryegrass plants from seeds germinated on cheese cloth suspended in tap water were transferred at the primary leaf stage to tanks containing 20 liters of the aerated nutrient solution. Seven seedlings were placed in 7-hole corks and supported with nonabsorbent cotton. Five of these corks with plants were selected at random, placed in masonite covers, and set on each tank. Five tanks were used for each level of N giving a total of 40 tanks for the 8 levels. The tanks were painted with nontoxic plastic lacquer and the covers with nontoxic varnish. The tanks were arranged in a randomized complete-block design (9).
After six weeks of growth the plants were in the late vegetative stage. At this time, they showed a definite gradation in symptoms from severe to no deficiency of N. The plants were harvested and separated into 6 different parts. First, the roots .were separated from the tops. Next, the tops were sampled by randomly selecting 3 tillers from each cork (15 tillers per 20-liter tank). Blades 1, 2, and 3, and the stem were taken from 1 tiller per plant (35 tillers per tank). The blades were sampled from the top of the tiller downward; blade 1 was taken from the youngest fully open leaf with a ligule, blade 2 from the next older leaf, and blade 3 from the next older leaf. The stem material included the sheath after the blades were stripped from the tillers. All remaining plant material was grouped as residue and was not analyzed.
The roots were washed in distilled water and then centrifuged at 39 g for 5 minutes. The plant parts were dried in a 70° C. forced-draft oven. Dry weight for total tops was the sum of blades 1, 2, and 3, stems, and tillers of the sample material plus the residue. Oven-dry weights were recorded and the plant material ground to pass a 40-mesh screen. Separate samples of the ground plant material were weighed and analyzed for nitrate-N by the phenoldisulfonic acid method (7). All chemical analyses are expressed on the dry basis as ppm of nitrate-N.
EXPERIMENTAL RESULTS
The effects of N supply on dry weight of plant parts are summarized in Table 2 . Some of the differences were not significant; but a general increase in yield was found up through the addition of 128 mg. N per plant (N 128 ) for all parts except the roots which began to decrease in N 96 , and weight at N 64 . The grouping of means for N 6 
